In the standard AGN reverberation-mapping model variations in broad-line region (BLR) fluxes are predicted from optical continuum variability (taken as a proxy for variations in the ionizing continuum) convolved with an impulse function that depends on the geometry of the emitting and reprocessing regions. However, it has long been known that BLR variability can deviate from these predictions. We analyze both extensive long-term Hβ and continuum monitoring of NGC 5548 and a large sample of high-quality Hβ light curves of other AGNs to investigate the frequency and characteristics of anomalous responses of the BLR. We find that anomalies are very common and probably occur in every object. Onsets can be on a timescale only slightly longer than the light-crossing time and durations are of the order of the characteristic timescale of variability of the optical continuum to several times longer. Anomalies are larger when NGC 5548 is in a low state, but otherwise there is no correlation with continuum variability. There is abundant evidence for the optical continuum of AGNs varying independently of the higher-energy continua and this is sufficient to explain the anomalous responses of the total BLR flux. There are good reasons for believing that the frequent lack of correlation between different spectral regions is due to anisotropic and non-axisymmetric emission. Rapid changes in line profiles and velocity-dependent lags are consistent with this. Motion of compact absorbing clouds across the line of sight is another possible cause of anomalies. The prevalence of anomalies needs to be taken into account when planning reverberation mapping campaigns.
INTRODUCTION
and Cherepashchuk & Lyutyi (1973) demonstrated that the lag in the response of the broad-line region (BLR) of active galactic nuclei (AGNs) to changes in the continuum could be used to infer the size of the BLR. This technique is now called "reverberation mapping (Blandford & McKee 1982) . Starting with Antonucci & Cohen (1983) and Ulrich, et al. (1984) there have now been a large number of monitoring campaigns using modern detectors to study BLR variability. Gaskell & Sparke (1986) introduced the interpolated cross-correlation function method for deter-⋆ E-mail: mgaskell@ucsc.edu mining lags from irregularly-sampled data and showed that BLR sizes were much smaller than was thought at the time. The cross-correlation method has now been applied to many hundreds of time series to determine sizes of regions reprocessing radiation in AGNs. Gaskell (1988) and Koratkar & Gaskell (1989) used the method to perform velocity-resolved reverberation mapping to show that the BLR is predominantly virialized and hence can be used to estimate black hole masses. The cross-correlation method has been used to determine lags for hot dust IR emitting regions (Clavel, et al. 1989) , lags for extreme UV and X-ray emitting regions (Chiang, et al. 2000) , and for scattering regions producing polarized light (Gaskell, et al. 2012 ).
Fundamental assumptions of reverberation mapping recognized from the outset are that c 0000 The Authors (i) variations of the observed intensity of reprocessed radiation only depend on the intensity of the radiation being reprocessed,
(ii) changes in the observed continuum (in the optical, say) are a good proxy for the radiation being reprocessed (ionizing radiation in the UV for example) and (iii) the structure of the emitting and reprocessing regions does not change on the timescale of the observing campaign.
It has long been recognized that the response of the BLR to continuum changes is not necessarily going to be a simple power law. Pronik & Chuvaev (1972) showed that the response of the broad Hβ line saturates, something expected when there are matter-bounded clouds, and Sparke (1993) pointed out that the response can be negative in some circumstances. As for the second assumption, using the optical flux as a proxy for the ionizing flux has also always been recognized as a major limitation. However, as regards the third assumption, the structure of the emitting and reprocessing regions has generally been thought not to change on the timescale of observing campaigns, with the exception of the BLR getting smaller when an AGN is in a low state (so-called "breathing" -see Cackett & Horne 2006) .
There are some additional assumptions that are not usually explicitly stated:
(iv) the driving radiation is only emitted from what is effectively a point source at the centre of the AGN (v) the emission of the driving radiation is azimuthally symmetric about the axis of symmetry and (vi) the reprocessing regions are also azimuthally symmetric (e.g., they have a spherical or disc-like distribution or are in a bi-polar wind).
If all of the above assumptions are correct, the light curve of the reprocessed radiation is the optical light curve convolved with an impulse function 1 which only depends on the geometry. In this paper we show that there are many anomalous cases where observed line light curves cannot be explained by convolving the optical light curve with an impulse function and therefore one or more of the standard assumptions must break down. We first review the previous evidence for anomalous BLR responses. We then examine well-observed Hβ and continuum light curves of NGC 5548 and a large number of other AGNs to investigate the frequency and duration of anomalous responses. We argue that anomalies are much more common than has hitherto been recognized. We discuss the timescales of anomalies and their relationship to continuum variability. Finally, we consider possible causes of the anomalies in the light of our results.
1 As Uttley, et al. (2014) point out (see their footnote 1), the signal processing term for the response of a system to a δ-function is "impulse function". Following Blandford & McKee (1982) the impulse function has been commonly called the "transfer function" in reverberation mapping, but, as Uttlet et al. point out, in signal processing the latter term is used for the Fourier transform of the impulse function.
EARLY OBSERVATIONS AND INTERPRETATIONS
2.1 Variability of the total line flux Gaskell & Sparke (1986) introduced the cross-correlation method to determine lags because observations then available were of relatively poor quality and irregularly sampled. The goal was simply to determine the lag -the first moment of the impulse function -which gives a responsivity-weighted size of the reprocessing region, or, in the case of velocityresolved reverberation mapping, gives kinematic information. A lot of early discussion (e.g., Gaskell & Peterson 1987) was about the reliability of lags determined by the crosscorrelation method, especially when the time series were irregularly sampled. Simply determining lags (often for getting black hole masses) was, and often still is, a main focus of many reverberation mapping campaigns. Papers only rarely compared observed line fluxes with what was predicted from continua convolved with impulse functions. Instead, a typical reverberation mapping paper shows raw light curves and for analysis shows just the cross-correlation functions as an indication of the reliability of the lag determinations. The first comparisons of line fluxes with predictions from continua convolved with an impulse function were shown by Krolik, et al. (1991) (see their Figs. 10 -12) for the UV observations of Clavel, et al. (1991) of NGC 5548 and by Horne, Welsh & Peterson (1991) for the Hβ observations of Peterson, et al. (1991) of the same AGN. Although there are some small systematic deviations, the agreement generally seems good. Discrepancies were tacitly written off as observational errors.
There is an important problem that could not have been appreciated at the time and that was giving a false sense of agreement: the impulse functions used extend too far back in time. We now know that the IR emission from the inner wall of hot dust in NGC 5548 has a lag in the range of 40 -70 days depending on the level of activity (Koshida, et al. 2014 ) so the strong contributions to the impulse function at times of 150 -200 days needed to match the line light curves cannot be real because it would put the BLR beyond the wall of dust. The times of the spurious peaks in the impulse functions correspond to the typical times between continuum events. As Maoz (1994) pointed out, there is a sort of aliasing. The inversion program used to estimate the impulse function (e.g.,, by Krolik, et al. 1991 and Horne, Welsh & Peterson 1991) adds in a response to much earlier events in an effort to improve an imperfect fit.
Something that makes spurious responses from too early times seem real is that the widely-used maximum entropy inversion method is constrained to produce a positive impulse function, a problem pointed out by Krolik & Done (1995) . The Subtractive Optimally Localized Averages (SOLA) modification of the Backus Gilbert method (Pijpers & Wanders 1994 ) and the regularized linear inversion method of Krolik & Done (1995) both allow the impulse function to go negative. This gives further freedom in fitting the convolved continuum to line flux observations but because it gives an impulse function that goes negative it is more obvious that features in the impulse function at large times are not real.
As spectroscopic monitoring of AGNs improved in quality and quantity, anomalies became more apparent. Maoz (1994) gave a valuable critical appraisal of the best reverberation mapping up to that time and pointed out that "details of emission-line light curves cannot be accurately reproduced with only the simplest assumptions." In particular he showed that for NGC 5548 the response differed from one continuum event to another. The explanation Maoz (1994) favoured for the anomalous behaviour was variations in longer-wavelength continuum not reflecting variations in the ionizing continuum.
Given these changes from event to event it is is not surprising that the impulse functions of Pijpers & Wanders (1994) for NGC 5548 show significant variations from year to year, something that should not happen if the continuum emission and BLR geometry stay the same.
Line profile variability
Gaskell (1988) showed that the red and blue wings of C IV varied together thus excluding the BLR motions being dominated by outflow. This result has been widely confirmed (see references in Gaskell & Goosmann 2013 ) but there have been exceptions. Notably, from 2007 observations of NGC 3227 Denney, et al. (2009b) found the blue wing of Hβ appearing to lead the red wing, thus implying outflow of the Hβ-emitting BLR. Denney, et al. (2009b) suggested that different AGNs have different BLR kinematics. However, Kollatschny & Dietrich (1996) had earlier shown that during intensive monitoring of NGC 5548 in 1989 (the same period considered by Maoz 1994) the C IV line had shown a change from the blue wing leading to the red wing leading in only 100 days (see their Fig. 7 ). Since it is impossible for the whole BLR to change direction in 100 days, the change in which line wing was leading the other cannot reflect a kinematic change. This suggests that the apparent outflow Denney, et al. (2009b) reported for NGC 3227 is not real and is due instead to a breakdown of reverberation mapping assumptions.
A related result of Kollatschny & Dietrich (1996) was that only some parts of line profiles varied during continuum outbursts and that which part this was changed between outbursts. A study of the Hβ line profile variability of NGC 5548 over 5 years (Wanders & Peterson 1996) similarly showed that only part of the line profile varies strongly (see their Fig. 5 ) and which part this is varies from year to year. In the high-temporal-resolution monitoring of NGC 5548 by Denney, et al. (2009b) the velocity range over which Hβ varies the most is remarkably narrow -notice the large sharp spike in the blue wing of the RMS variability spectrum in their Fig. 1c . Even more interestingly, Sergeev, Pronik & Sergeeva (2001) showed that for another well-monitored AGN, NGC 4151, during each observing season there were one or more very narrow velocity ranges of the line profile that did not vary with the continuum (see their Fig. 9 ). Furthermore, the velocity of these uncorrelated regions varies from year to year.
THE STATISTICS OF ANOMALOUS BEHAVIOURS
To investigate how common anomalous responses of total line fluxes are, we compared the observed Hβ fluxes with predictions from the optical continuum light curves for the best-studied AGN, NGC 5548, and a large number of other AGNs. We chose Hβ because it is by far the most widely observed broad line in reverberation mapping campaigns.
Sample
The best reverberation mapping results are summarized in the on-line data base described by Bentz & Katz (2015) . We omit objects where the data did not permit a black hole mass estimation and restrict ourselves to cases where the observed Hβ and continuum fluxes are readily available in the literature or on-line. The objects we studied are given in alphabetical order in Table 1 with the reference(s) to the data and the lags are derived by the authors. When authors give multiple estimates of the lag, we used the centroid lags given by the standard interpolated cross-correlation function method of Gaskell & Sparke (1986) . Details of this are given in Gaskell & Peterson (1987) . As noted in Table 1 , we have sometimes averaged different lag estimates.
Analyses
We linearly interpolated the optical continuum points and convolved the resulting light curve with an impulse function.
For the impulse function we used a simple box car centered on the lag derived by the cross-correlation method by the observers and we adopted a half width of half the lag. As noted by Maoz (1994) , the fits are insensitive to the assumed shape of the impulse function and the anomalous responses we find (see below) are far larger than any differences that can be explained by the shape of the impulse function. Note that for objects with multiple years of observation, especially NGC 5548, we have taken an average lag even though different lags can be found for different years and the lag varies as expected with the activity level (so-called "breathing" -see Cackett & Horne 2006) . The fits on short timescales can, of course, be improved if the lag is a free parameter, but deviations from what is predicted with a given lag are one of the things we are looking for. In the absence of earlier observations, the curves showing the interpolated continuum convolved with the impulse function necessarily begin 1.5 times the lag (i.e., the width of our impulse function) after the first observed continuum point because we often have no knowledge of what the continuum was doing before the first observation. The next step in our analysis was to scale the convolved continuum to try to fit the observed Hβ fluxes. For NGC 5548, where the observations cover a wide range of continuum levels and the curvature of the relationship is clear (see Fig. 2a of Cackett & Horne 2006) , we used a polynomial fit. For the other objects where the curvature was not obvious we simply used a linear relationship. For these objects our first attempt at scaling was to make the means and variances of the observed line fluxes and the convolved continuum fluxes for the same dates be the same. The plots were then examined by eye and slope of the linear scaling was adjusted to try to match the observed line fluxes better. We finally calculated the ratios of the observed Hβ fluxes to the prediction for the same date.
RESULTS

NGC 5548
The 13-year monitoring of NGC 5548 by the International AGN watch makes it by far the best monitored AGN. For consistency and comparison with other objects we analyzed NGC 5548 in the same way we analyzed other objects. We show the results in Figs From examination of the residual plots we can get some idea of the timescale of changes in the inner regions of an AGN. Remember that an important difference between our analysis of NGC 5548 and the study of Cackett & Horne (2006) is that we have taken a constant mean lag (17.8 days), rather than letting the lag be a free parameter. This means, of course, that the deviations in our Fig. 1 and Fig. 2 are larger than the corresponding ones in Cackett & Horne (2006) . Since the lag of Hβ does change with luminosity ("breathing"), a consequence of our constant lag is that, on average, peaks and dips in Hβ will be predicted to be too late in low states (e.g., see 2001) and too early in high states (e.g., see 1999). However, in 1992, while we see the predictions being too late for the low state around MJD 48800, only two months earlier in an even lower state around 48740 the prediction is right on time. The effect of lags being wrong is to produce a quite sharp up and down in the residuals on a timescale on the order of the light-crossing time. The sharpness of this does not necessarily give the timescale of violations of the assumptions of reverberation mapping. Instead we can identify more rapid anomalies when the residuals shown in the lower panels change without there having been an obvious strong event in the light curves, There were a couple of examples of this in 199 (MJDs 51200 and 51370).
We can identify anomalies on all continuum-variability timescales. On the longest timescale we see some years that are systematically off (e.g., in 1989 the observed line fluxes are systematically too high compared with the prediction) and some years that show a gradual linear trend over the year. This implies that the timescale of anomalies can be longer than a year. For example, there are clear downward trends in ratio of observed to predicted Hβ fluxes in 1990, 1991 and most of 2001, and strong upward trends in 1993 and 1994. We can also see that when the mean continuum flux level is similar, there can be differences in lags For example, in 1996 the mean continuum level is about the same as in 1997. In 1996 Hβ follows the continuum well up until the end of the observing season where it suddenly ceases to follow the continuum for about 60 days. At the start of 1997 Hβ was then too strong and the minimum at around JD 2450530 came much later than predicted (by about a factor of two in the lag). However, within 60 days the Hβ response is back on track again. It can be seen from Fig. 2 that the timescales for the anomalies are typically about 60-100 days. The timescales and amplitudes of the anomalies are similar to the so-called 2014 "holiday" of NGC 5548 (Goad, et al. 2016; Pei, et al. 2017) . That "holiday" was thus neither unique nor unprecedented for NGC 5548.
Interestingly, the anomalies do not seem to be correlated with events in the continuum in any obvious way. The only correlation we found (Fig. 3) is between the size of the anomaly and the level of activity. In Fig. 3 we show the absolute value of the logarithm of the residual because the logarithms of the residuals are symmetric about zero by construction (i.e., because of the calibration between mean line intensity and mean continuum flux). Although anomalies are present at all activity levels, they are clearly larger when NGC 5548 is in a low state. We checked whether this could be an artifact of the relative errors in the line fluxes being larger when NGC 5548 was fainter and we did not find a significant effect.
Another results is that, except for when NGC 5548 is in a low state, the amplitudes of the anomalies are generally less than 20%. There are no large factor of two anomalies, for example.
Other AGNs
We show our results for other AGNs in Fig. 4 . The panels are organized as in Fig. 2 , but note that the scales on the time axes differ significantly from object to object. For some the plots cover a number of years while for other it might be only a month or so. For each pair of panels we have given the lag we adopted. Where this is an average of multiple studies this is stated in Table 1 . The scaling between the convolved continuum and the Hβ fluxes is not as well established for these other AGNs as for NGC 5548. To interpret each panel of ratios it is necessary to look at the fit to the light curve directly above it to see if changes in the ratio are a consequence of the choice of scaling of the predicted flux from the continuum observations. Scaling issues can be ruled out as the cause of anomalies when the residuala have opposite signs at similar line or continuum flux levels.
It can be seen from Fig. 4 that for some objects, such as WAS 61 and for the first period of monitoring of 3C 273 (= PG 1226+023), the agreement between the observed line fluxes with the predictions of simple theory is good and there are no systematic deviations over the period of monitoring. However, most other cases show systematic deviations (and 3C 273 shows them for the second monitoring period). As with NGC 5548, the most common changes in the ratio of observed to predicted fluxes are slow gradual changes during the course of the an observing season. The timescale of these changes is often longer than the monitoring period. As for NGC 5548 though, there are many cases where the ratio changes relatively abruptly or rapidly.
As for NGC 5548 the amplitude of the anomalies in the other AGNs is almost always less than 20%.
POSSIBLE CAUSES OF ANOMALIES
Instrumental effects?
It is possible that abrupt changes are due to changes in instrumental setup. Most of the studies produced very homogeneous data sets (same telescope, same spectrograph settings) and in multi-observatory campaigns inter-telescope differences have been carefully calibrated out by the original authors. Although some calibration issues might remain, we do not think they are the cause of the anomalies.
Analysis artifacts?
The precise shape of the changes in the ratio does obviously depend on our choice of scaling of the convolved continuum to the observed line fluxes. For NGC 5548 there is a very extensive data set that permits a good determination of the average relationship between the Hβ flux and the continuum flux, but for many other objects the relationship is uncertain and we have limited temporal coverage.. Overestimating or underestimating the amplitude of variations will produce changes in the ratio that are correlated with the light curves of AGN. Nevertheless it can be seen by inspecting pairs of panels in Figs. 2 and 4 that for most AGNs with non-constant ratios of residuals in the lower panels, changing the scaling of the predictions will not make the discrepancies go away. This is obviously the case when there are different residuals at the same flux level.
Emission from jets?
We now turn to possible causes due to the AGNs themselves. The observed continuum of a blazar is dominated by relativistically-beam emission from a jet aimed close to our line of sight. Therefore much of the variable radiation we see does not impinge on the BLR. 3C 273 shows some blazar-like characteristics (see, for example Ghisellini, et al. 2010) . We would therefore expect there to be times when we are seeing the variability of the jet and not of the accretion disc and corona. However, we find that anomalous BLR responses are so common that blazar-like activity cannot be the explanation in general since most AGNs are not blazars.
Independent variability of optical and high-energy continua
It has always been recognized that using the optical flux as a proxy for the ionizing flux is a weak point in reverberation mapping. Koratkar & Gaskell (1989) found an anomalous response of C IV compared with the λ1346 continuum and found that the C IV line variability could be explained by including the X-ray variability which did not track the UV variability. The X-ray flux of AGNs is frequently unrelated on short timescales to the UV and optical flux. For example, multi-wavelength monitoring of NGC 4151 (Edelson, et al. 1996) shows a powerful flare in the 1 -2 keV X-rays that is also see at λ1370. It has no effect in the V -band, however. For NGC 3516 the 2-10 keV X-rays are impressively uncorrelated with the optical (Maoz, et al. 2002) . For 3C 390.3 Gaskell (2006) shows simultaneous events around JD 2449800 in the 0.1 -2 keV soft X-rays and in the UV at λ1370 but no major flare in the optical. At JD 2449975 there is a soft X-ray flare with no counterpart in the UV or optical. Then at JD 2449950 there is a strong flare in the UV that is not seen in the optical (but which might be followed by an X-ray flare 5 days later.) These multi-wavelength monitoring campaigns and others confirm that optical variability is a poor proxy for variability of the ionizing continuum. We therefore believe that the often poor correlation between optical continuum variability and the ionizing continuum variability is the most likely cause of anomalous BLR responses. The next question then is why are different continua (optical, UV and X-rays) so independent? 5.5 Anisotropic continuum emission Gaskell (2006) suggest that because continuum variability is so rapid, bulk relativistic or near-relativistic motions must be involved even in non-blazars and the associated emission will naturally be anisotropic. This will lead to components of emission varying independently because different parts of reprocessing regions will be excited at by different events (see Fig. 5 of Gaskell 2006) . Since the low-ionization BLR responsible for Hβ emission is a flattened disc (see Gaskell 2009) , different parts of the line profile come from different parts of this disc. Anisotropic continuum emission means that the BLR disc is not illuminated uniformly and hence different parts of the line profile will show different correlations with the optical continuum as discussed above. As we note in Section 2.2 above, this is commonly observed to be the case.
Off-axis continuum emission
Although on average energy generation from an accretion disc is strongest at small radii (Lynden-Bell 1969), it cannot peak exactly in the centre because this is where the black hole is. Variability has to take place at least a few Schwarzschild radii away. Gaskell (2008) argued that strong UV variability without soft X-ray or optical variability (for example, what happened around JD 2449950 in 3C 390.3) requires that the source of the variable emission be off-axis (see cartoon in Fig. 5b of Gaskell 2011) . He pointed out that this would cause anomalous BLR responses. Gaskell (2010) and Gaskell (2011) show how off-axis variability naturally explains changes in BLR line profiles, their correlation or lack of correlation with continuum variability, and changes in kinematic signatures in velocity-resolved reverberation mapping. These changes are generally to be expected to be on the timescale of continuum variability (i.e., the time a region remains active), as is observed for the anomalous BLR responses discussed here. Gaskell (2010) and Goosmann, Gaskell & Marin (2014) discuss how off-axis variability additionally explains the velocity and time dependence of polarization of the BLR.
Absorbing clouds
In general, anomalous BLR responses require departures from axial symmetry. In addition to anisotropic and non-axisymmetric emission just discussed, another possible explanation of BLR anomalies is patchy obscuration (Gaskell & Harrington 2018) . This is most likely to happen in the AGNS most inclined our line of sight. Because the obscuration needs to cross our line of sight, the patches will only cause anomalies on timescales of months to years. Gaskell & Harrington (2018) show how patchy obscuration can readily explain the changes Pei, et al. (2017) found in the velocity-dependent lags of Hβ in NGC 5548 over only a few months. In Fig. 5 of Gaskell & Harrington (2018) it can be seen the the passage of patches of obscuration across the BLR change the average lag of Hβ.
LIMITATIONS OF REVERBERATION MAPPING
Anomalous BLR responses are a major source of error in estimating BLR sizes. PG 2130 (see Fig. 4 ) provides a good illustration of this. The continuum is in a high state around JD 2449700. Hβ is in a high state around JD 2449900, about 200 days later. However, with the hindsight of knowing from Grier, et al. (2008 Grier, et al. ( , 2012 that the true lag is probably ≈ 15 days, one can notice in Fig. 4 how the many rapid changes in the Hβ flux of PG 2130+099 match similar changes in the continuum with the shorter lag. Because of anomalous BLR responses, getting better BLR radii is not a matter of getting better sampling. A short intensive campaign might give an apparently accurate lag for Hβ, but another campaign at a later time could give a different lag. The abnormally short NGC 5548 Hβ lag found in the 2014 (Pei, et al. 2017 ) is a good illustration. If the aim of a monitoring program is to get reliable lag for a large emitting region (such as that producing Hβ), as opposed to determining smaller lags such continuum lags or the lag of He II, then the campaign needs to be longer than the typical duration of anomalies. For a typical AGN with a lag of a week to a month (such as the majority of AGNs in Table  1 ) one needs observations covering a couple of years.
The cross-correlation method should not be used blindly for determining lags and their associated errors in lags. It is important to plot observed line variability with predicted variability, as we have done here, to spot anomalous behavior.
CONCLUSIONS
We find that anomalous BLR responses are common events found in the majority of reverberation-mapped AGNs. In fact, "anomalies" are the rule rather than the exception. This shows that the standard assumption of the optical continuum being a good proxy for a driving, central ionizing continuum is not a good assumption.
Mechanisms to explain anomalous responses of BLRs need to explain how common they are. All deviations of the total line flux such as those shown here can be explained by the ionizing radiation varying relatively independently, especially on the timescale of typical optical variability, but variable obscuration is another possibility.
The evidence from changes in impulse functions, line profile variability, and velocity-resolved reverberation mapping points to anisotropic and/or off-axis continuum variability as the cause of the most rapid anomalous behaviour. Compact absorbing clouds crossing our line of sight can also be a cause ofchanges.
The ubiquity of anomalous BLR responses is a major limitation to the reliability of reverberation mapping campaigns studying total lines fluxes or parts of line profiles (velocity-resolved reverberation mapping). For the Hβ line denser sampling will not lead to better results. Instead, for obtaining the most accurate lags it is important that monitoring campaigns are longer that the timescale of typical anomalies. For typical bright Seyferts this means more than one year. The cross-correlation method of determining lags should not be used blindly. The observed line fluxes should always be compared with the continuum light curve convolved with a impulse function and anomalous responses noted.
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